Introduction
The growing demand for economical methods for optimally controlling fermentation means that more information is needed about the process. The Sampling is a special problem when monitoring fermentation: the solid substrates and mycelial organisms often used in industrial broths make it difficult. Continuous dialysis has successfully been used to remove solids while measuring small molecules [4 and 5] , but dialysis cannot be used for large molecules (enzymes for example).
The authors have developed an automatic analyser based on continuous dialysis for general application; it has been tested for inorganic phosphate concentration control during fermentation. The present paper reports on how the system can be applied during aerobic cultivation of Saccharomyces cerevisiae. (The section on control theory is lengthy because the authors believe that this is the first fermentation carried out by the described method.) Automatic analyser applications for fermentation broth analysis Automatic analysers are most often used for serial analysis involving hundreds of samples per day; they are useful tools in clinical, soil and environmental protection analyses. Some reports have been written about the use of AA for off-line analysis offermentation broth [6, 7 and 8] ; they have rarely been used as process-control sensors [9] , probably because of the considerable delay between sampling and peak evaluation (3-30 min) . So AAs can be Process control needs on-line peak evaluation (peak height or peak area in the form of an electric signal). This requires at least a microprocessor-based evaluation and control system, or a computer.
The authors' AA has a sampler system which is different to that of the classic AA. The 
If it is assumed that A(Z) D(z), then the equation (3) becomes simpler:
It can be proved [18] that the control is minimum variance if:
where Yr is the setpoint value which is to be controlled.
From equations (3) and (4) the following control law can be derived" Using the polynom separation equation [18, 19 and 20] : (5), is shown in figure 6 . Optimal control-in the MV sense can be given on the basis of equation (5) For a simple description of the adaptation the d-step prediction can be given in linear form (19) : (6) where 
O
The predictor used in equation (6) (8) is described for the time moments 0 t, the following expression is obtained:
The following parameters'
can be estimated on the basis of the first + (0... t) measurement result by the least squares method. 12 The least squares method can also be realized in a recursive way, by equations (10) and (11)'
so the adaptability of the controllers can be guaranteed.
Because of the closed-loop, qo has to be fixed and so equation (10) can be rewritten as"
The control is given by: (Naturally, the authors adopted the model given by equations [1] or [6] .)
Differentiating equation (19) with respect to and substituting equation (18) , the following can be obtained: On the assumption that the controller works better if there is at least one past conti'ol variable value, the model' y(t + 1) a(t) + aty(t 1) + bu(t) + b2u(t 1) + bo (23) was chosen (y is the measured peak area and u is the control variable). So the coefficients of equation (23) did not agree with the coefficients of equation (22) . Clearly, equation (23) can be described in the form of equation (1) by using the shift operator, and in this case A(z) is a quadratic, B(z) is a linear polinom, D(z) A (z) and C(z) 1 .
Software
The tasks of the realized program are as follows:
(1) Determination of the integral value (peak area) from the measured data. (table 4) , which led to the conclusion that there was no significant difference at 95% probability level in the studied field.
The calibration curve shown in table 4 had the following parameters" P(0) -2487"2 standard deviation of P(0) 2500'1 P(1) 32"09 standard deviation of P (1) 0"8258 T statistics of P(0) 0"99 T statistics of P (1) 38.86 written in the form of an equation" peak area 32"09 x PA-2487"2.
T statistics of P(0) was lower than the theoretical value of dr--3 and p 0"95 (T 3"187), so the intercept of the line does not differ significantly from zero.
Relative standard deviations of data groups were around 0"7 to 7%, in general they were about 4%.
Dynamic characteristics
The AA system had a fixed time delay. According to the programs reported there were one or two sampling cycles between sampling and result presentation (900 s). In addition to this, the magnetic valves had inner volumes of the same magnitude as sample volumes, which caused further time delays. Investigation of the response functions to unit step changes in phosphate concentration at different sampling times showed longer deadtimes at shorter sampling times (see figure 10 ). Therefore, shorter sampling times were not used during the experiments, in order to obtain shorter deadtimes and reliable data. This decision limited the concentration range ofassay, because high concentrations were measured at very short sampling times (the top value was 1000 mg P/1 at 4 s sampling). figure 12 . 
